Positive affect was examined as a predictor of: 1] cardiovascular reactivity during a sadness and an anger recall task, and recovery following the protocol, 2] epinephrine (EPI) and norepinephrine (NOREPI) reactivity and level during the recall protocol, and 3] the diurnal pattern of salivary cortisol. Sample was 328 individuals. Negative affect, age, race, sex, smoking status, income, and BMI were adjusted. During sadness recall positive affect was inversely related to SBP (p=.007) and DBP (p=.049) reactivity, and unrelated to HR (p =.226). Positive affect was unrelated to reactivity during anger recall (p's >.19), and was unrelated to recovery at the end of the recall protocol. Positive affect was inversely related to the mean level of NOREPI (p=.046), and unrelated to EPI (p=.149). Positive affect was inversely related to the increase in cortisol 30 minutes post awakening (p=.042), and unrelated to the evening decline in cortisol levels (p=.174). Positive emotions may be relevant to good health.
Introduction
The proposition that emotional experiences can have consequences for health is supported by epidemiologic evidence and studies demonstrating its physiological plausibility [1] [2] [3] [4] [5] . Research on this topic has been largely centered on negative emotions, particularly depression, anxiety, and anger. A strong contrasting case is growing, however, for the health benefits of positive emotions per se [6] [7] [8] [9] [10] [11] [12] [13] [14] . Positive emotions have been linked, for example, to lower cortisol output [15] [16] [17] , lower rates of hypertension and diabetes mellitus [18] , and longevity [19] . Early studies in this area sometimes failed to simultaneously examine the effects of negative and positive emotion-a critical element for evaluation of the independent impact of positive emotion. However, recent studies such as those cited above have examined negative and positive emotion together and effects for positive emotion have remained statistically significant.
Basic motivational theories of emotion provide a general model that helps link the experience of emotion, both positive and negative, with health-related outcomes. The underlying premise of these models is that emotions exist in the service of motivating behavior, or promoting what are referred to as action tendencies, e.g., [20, 21] . These behavioral action tendencies may influence health in numerous ways, some of which may be negative and some positive. Because emotions direct behaviors, they have the ability to influence health habits and lifestyle choices, e.g., physical activity and social engagement. The experience of emotion, and accompanying action tendencies, also stimulates the central nervous system resulting in a cascade of physiological responses that can affect health. Certain action tendencies, such as those that often accompany negative emotions, may lead to behavioral responses that are associated with biological arousal, thus, the experience of these emotions may lead to CNS activation of autonomic, neuroendocrine, and immunerelated responses that can have a detrimental impact on health. Alternatively, it has been hypothesized that one benefit of positive affect is that the resulting actions and biological responses may provide a respite from the stress associated with negative affectivity [22, 23] .
Studies designed to examine mechanisms underlying the associations among positive emotion, better health, and longevity, have focused on cardiovascular reactivity and recovery-an appropriate area in which examine emotion-health relations for at least two reasons. First, individuals with heightened cardiovascular reactivity and/or delayed recovery are at increased risk for coronary disease, e.g., [24, 25] . Second, emotional reactions are associated with changes in cardiovascular arousal, and importantly, negative and positive emotions have been associated with differing patterns of arousal, e.g. [26, 27] . For example, research has shown that systolic blood pressure responses are significantly higher during tasks with a negative emotional valance, as compared to those with a positive emotional valance, e.g., [26] . Related research has demonstrated that the experience of positive emotion, and processes related to positive emotion such as social connectedness, diminish blood pressure reactivity and enhance recovery from negative emotional states [28, 29] .
Other studies evaluating mechanisms that may account for associations between positive emotion and health have examined measures of neuroendocrine function [17] . Norepinephrine, epinephrine, and cortisol are stress related neuroendocrine hormones that influence numerous bodily processes. Norepinephrine in the CNS acts to regulate behavioral and physiologic responses to the environment including alerting, attention, and autonomic nervous system regulation. Norepinephrine and epinephrine are the peripheral mediators of "fight-or-flight" sympathoadrenal response that increases heart rate and mobilizes other bodily responses [30] . Similarly, release of cortisol increases blood pressure and blood sugar levels in response to stress [31] . Chronically elevated levels of cortisol have been associated with negative health outcomes such as reduced bone density and lean mass, and atrophy of hippocampal cells [32] , as well as to abdominal obesity, Type 2 diabetes, hypertension, and autoimmune conditions [33, 34] . Prolonged neuroendocrine response to stress has also been associated with depressed mood [35] , whereas, lower levels of salivary cortisol have been associated with measures of well-being [36] . Thus, the association between neuroendocrine function and emotional responding is also a potential mechanism linking positive emotion to physical health outcomes.
In the present study we extend the literature on the health effects of positive emotion by examining a factor score representing the tendency to experience positive affect, adjusted for a similar trait measure of negative affect, as a predictor of simultaneously assessed cardiovascular and neuroendocrine responses during a laboratory protocol in 328 community volunteers. Additionally, we assessed these trait emotion ratings as predictors of cortisol in a natural setting. Specifically, we hypothesized that positive affect would be significantly related to: 1) lower blood pressure and heart rate reactivity during a sadness and an anger recall task, 2) faster blood pressure and heart rate recovery during the recall protocol, and 3) lower epinephrine and norepinephrine reactivity during this protocol. In addition, we predicted that positive affect would be associated with lower diurnal salivary cortisol levels, as measured by the morning rise and the evening decline in cortisol. Importantly, we predict that these associations will be independent of the tendency to experience negative affect, age, race, sex, smoking status, income level, and body mass index (BMI).
Methods

Participants and Procedures
Participants were recruited to take part in the Family Heart Study. The study was designed to identify genetic variants that interact with the environment to affect expression and clustering of psychosocial and biobehavioral characteristics (endophenotypes) that increase risk of cardiovascular disease (CVD), with a focus on the characteristic of hostility. Sibling pairs were recruited via community based ads. Individuals who reported that they were currently suffering from any major medical condition (e.g., cancer, heart disease, arthritis, diabetes) or psychiatric disorder (e.g., bipolar disorder, schizophrenia, memory loss) or who were pregnant or planning to become pregnant were excluded from the study. Participants who were the first family member to volunteer were screened for their level of hostility and individuals who were high or low on hostility, according to predefined criteria, were further recruited to participate in the study. Next, participants were asked to contact their brother(s) and/or sister(s) who might also qualify for and be interested in the study. If they agreed, they were told they should contact us by phone and arrangements were made for them to enroll in the study. Participants who did not have a family member who qualified to take part in the study were not enrolled. The study was conducted at Duke University Medical Center, and all subjects gave informed consent prior to their participation in the study using a form approved by the Duke University Medical Center Institutional Review Board and were compensated $275 for study completion. The sample consisted of 328 subjects (159 participants and 169 siblings) who had complete data on measures of positive affect as well as each covariate included in all analyses (i.e., negative affect, age, race, sex, smoking status, income level, and BMI) as of July 2007. For analyses of specific measures (i.e., cardiovascular reactivity, plasma catecholamines, and salivary cortisol) the total number of participants ranged from 268 to 328. The current hypotheses do not involve genetic analyses, and our hypotheses are not concerned with sib-pair relation. The potential within sib-pair correlation, however, was accounted for in a mixed models approach using sib-pair as a clustering identifier for the random effect in all analyses.
Measures
Positive Affect and Negative Affect-The tendency to experience positive and negative affect were represented by factor scores comprised of ratings from the following measures of emotion: the Profile of Mood States (POMS) [37] ; the Visual Analog Scale (VAS), and the NEO-PI-R [38] . Prior research has established the validity of the POMS [39] , the NEO-PI-R [38] , and the VAS [40] . By including both POMS and VAS ratings, along with NEO ratings, the resulting factor scores reflect a general tendency, or trait assessment, regarding the experience of negative and/or positive emotional responses during periods of emotional expression (as those felt during the recall of such experiences). These scores are indicative of positive and negative emotional traits, and are likely to be a better representation of general emotional reactions than that of VAS/POMS or NEO ratings alone. In attempt to adequately assess an underlying trait, a valid approach for increasing reliability is through use of multiple measures sampled at multiple time points. Thus, our factor scores represent the shared variance among the different measures of emotion assessed at different times, creating a score that represents a trait measure of the tendency to experience positive and negative emotion under varying conditions. The factor score for positive affect was comprised of 4 separate ratings for "happy" from the Visual Analog Scale (VAS) that were gathered during the emotional recall protocol (preanger recall, post-anger recall, pre-sadness recall, and post sadness recall); 2 separate ratings for the Profile of Mood States (POMS) [37] component score "friendly" that were gathered at the beginning of the protocol (prior to baseline ratings of blood pressure), and again at the conclusion of the protocol; and finally the E-6 facet score from the NEO-PI-R [38] representing "positive emotions". Similarly, the factor score for negative affect was comprised of 4 separate ratings for "depressed" from the Visual Analog Scale (VAS) that were gathered during the emotional recall protocol (pre-anger recall, post-anger recall, presadness recall, and post sadness recall); 2 separate ratings for the Profile of Mood States (POMS) [37] component score "depression-dejection" that were gathered at the beginning of the protocol and again at the conclusion of the protocol; and finally the N-3 facet score from the NEO-PI-R [38] representing "depression". These constructs representing positive affect and negative affect were modeled using principal axes factor analysis. The factor loadings for positive affect and negative affect are presented in Table 1 .
Our approach for the selection of specific affective measures to assess positive and negative emotion was both empirically and conceptually driven. Regarding the positive emotion factor-the primary focus of the paper-there were no additional items from the VAS, apart from "happy", that were conceptually appropriate. With regard to a negative emotion factor, for both conceptual and empirical concerns we did not create a factor that attempted to represent anger, anxiety, and depression. Conceptually, we view these as distinct emotions. This notion was empirically supported, as our attempt to use anxiety, anger-hostility, and depression measures from the POMS, VAS, and NEO did not result in a satisfactory 1-factor solution. Whereas, the measures used for our depression-dejection factor addressed both our conceptual and empirical concerns very well.
Cardiovascular Reactivity (CVR) and Recovery-Minute to minute blood pressure (BP) readings were gathered via a Dynamap XL 9300 (Johnson & Johnson Health Care System, Inc.), see e.g., [41] for similar use of this CVR protocol. Baseline systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) were represented by the mean of the last 5 minutes of a 10 minute resting baseline. Anger and sadness recall periods lasted 5 minutes with a 10 minute rest period between. Anger and sadness recall blood pressure and heart rate measures were represented by the mean of the readings during each of the 5 minute recall periods. Blood pressure and heart rate were also assessed during a 5 minute recovery period at the end of the protocol, and recovery measures were represented by the mean of the readings during this 5 minute period.
For the emotion recall periods, participants were asked to think of an incident that made them very angry toward another person, and that still makes them angry right now when they think about it. They were then asked to visualize that experience in their mind, recalling in detail what happened. Next participants were asked to verbally recount the entire story, including how they felt at that time. For the first minute, they were asked to visualize the (anger or sadness) incident and then for the next four minutes they were asked to describe the situation. Blood pressures were taken throughout the five minute period; one during the first visualization minute and four during the telling of the episode. The same protocol was followed for the sadness task that followed, substituting the recall of an incident that made them extremely sad.
Per the instructions and tasks included for the full study protocol, no caffeine, nicotine, nor alcohol was consumed prior to the emotion recall task, which took place between 11:30 a.m. and 12:30 p.m. for all participants. With very few deviations all subjects had virtually the same level of physical activity during the morning prior to the reactivity protocol.
Epinephrine (EPI) and Norepinephrine (NOREPI)-Prior to the start of the recall procedure, an in-dwelling catheter was inserted for all participants. Blood was sampled for the assessment of EPI and NOREPI levels immediately following the 10 minute baseline period, immediately following the completion of the anger recall task, and again at the end of the protocol (blood was not sampled immediately following the sadness recall). Blood samples were spun for 15 minutes in a refrigerated centrifuge and plasma was transferred into polypropylene tubes containing .050 ml Glutathione and then frozen at -70c. All blood samples were processed at the Clinical Research Center at DUMC. Plasma levels of EPI and NOREPI were measured by high-pressure liquid chromatography (HPLC) followed by electrochemical detection. Data were collected with a computer-based system, and quantitated with the use of internal standard and external standard curves. See [42] for similar methodology measuring plasma EPI and NOREPI.
Salivary Cortisol-Saliva was gathered the day following the recall task (using salivetttes with swabs) upon awakening, 30 minutes post awakening, and at bedtime. Participants were instructed not to eat, drink, or brush their teeth 30 minutes prior to collecting the salivary samples. Saliva was centrifuged for 10 minutes at 3000 rpms at room temperature in centrifuge, then frozen at -70c. Salivary cortisol was assayed by ELISA using a kit from Oxford Biomedical Research. See [17] for similar methodology measuring salivary cortisol.
Age, Race, Sex, Smoking Status, Income, and Body Mass Index (BMI)-Selection of sociodemographic covariates was guided by a recent line of work examining the association between positive affect and physiological outcomes [15] [16] [17] . Age was represented in years. Race was coded African American=0, Caucasian=1; sex Female=0, 1=Male; and smoking status 0=not currently smoking, 1=current smoker. Income was scaled in increments of $5,000 from 0 to 19, with 0=less than $10,000, and 19=$100,000 or more. BMI was calculated as weight in kilograms divided by height in meters squared. Table 2 presents descriptive data for the sample.
Statistical Analyses
All analyses were carried out using SAS (Cary, NC) PROC MIXED with maximum likelihood estimation. Importantly, mixed models allowed for us to account for potential within-sib-pair correlation, using sib-pair as a clustering identifier for the random effect in all analyses. The variance-covariance structure was selected a priori as first-order autoregressive (AR1), a structure that was used throughout all analyses.
BP and HR during the emotion tasks and the recovery period were represented by the mean of each of these measures collected during the 5 minute recall and recovery periods. Separate mixed models were estimated for each CV outcome during both the anger and sadness recall tasks and recovery period. In each model, positive affect was examined as a predictor of SBP, DBP, or HR levels during the anger and sadness recall tasks. Negative affect, age, race, sex, income, smoking status, BMI, and corresponding baseline cardiovascular measures were included as covariates in all models. Thus, the parameter estimate for positive affect in these models can be interpreted as the prediction of residualized change in BP and HR, independent of the effects of negative affect and other covariates.
Similar to CVR, positive affect was examined as a predictor of residualized change in EPI and NOREPI from the mean baseline level to the mean level during the anger recall task (blood was not drawn following the sadness task). As above, the mixed models included negative affect, age, race, sex, income, smoking status, BMI, and the corresponding baseline plasma catecholamine measure as covariates. Values for EPI and NOREPI were log transformed for use in analyses in order to achieve appropriate distributional properties.
Finally, positive affect was examined as a predictor of 1) the rise in cortisol from awakening to 30 minutes post awakening, and 2) the fall in cortisol from 30-minutes post waking to bedtime. Mixed models, adjusted for negative affect, age, race, sex, BMI, income, and smoking status were used to assess the morning rise and the evening decline in cortisol.
Results
Cardiovascular Reactivity and Recovery
During sadness recall positive affect was significantly related to change in SBP (p = .007) and DBP (p = .049), with higher levels of positive affect associated with lower SBP and DBP reactivity. Results of the regression models examining these associations are presented in Table 3 . Figure 1 displays the adjusted means for SBP and DBP reactivity during sadness recall for participants one standard deviation above and below the mean for positive affect. With regard to covariates, participants with a higher BMI and who reported being African American had higher SBP reactivity; and those with lower income, who reported being African American and older had higher DBP reactivity. Positive affect was unrelated to HR reactivity during sadness recall (p = .226), and to BP and HR reactivity during anger recall (p's > .25). Positive affect was unrelated to BP and HR recovery at the end of the recall protocol (p's > .11).
EPI and NOREPI
Positive affect was unrelated to the change in NOREPI (p = .695) or EPI (p = .987) from baseline to anger recall. Given the lack of an association of positive affect with reactivity of these measures, we were interested in the association of positive affect with the overall level of EPI and NOREPI throughout the protocol. Mixed models with repeated measures were used to assess positive affect as a predictor of the repeated measures of EPI and NOREPI at baseline, anger recall, and at the end of the procedure. Positive affect was a significant predictor of NOREPI as a main effect, indicating it was associated with the average level of NOREPI throughout the protocol (p = .047). Table 4 provides the results of this model. The form of the effect was such that higher levels of positive affect were related to lower levels of NOREPI. Figure 2 displays the adjusted means for levels of NOREPI at each time period for people who are one standard deviation above and below the mean for positive affect. As indicated in Table 4 , being female was associated with lower levels of NOREPI, and being older was associated with higher levels of NOREPI. Positive affect was not significantly related to the level of EPI as a main effect (p = .149).
Cortisol
Higher positive affect was significantly related to a smaller rise in cortisol from awakening to 30-minutes post awakening (p = .042). Table 5 presents results of a model examining positive affect as a predictor of change in cortisol from awakening to 30-minutes post awakening. None of the covariates were significantly related to the morning increase in cortisol. Figure 3 displays the adjusted means for change in levels of salivary cortisol from awakening to 30-minutes post awakening for people one standard deviation above and below the mean for positive affect. Positive affect was unrelated to the decline in cortisol from morning to bedtime (p = .174).
Discussion
The main hypothesis, that positive affect is related to physiological measures relevant to health over and above the effects of negative affect, received support across multiple measures. The present findings for cardiovascular reactivity indicated that blood pressure reactivity during a sadness recall task was higher for those that have lower levels of positive affect, as compared to those with higher levels of positive affect. Others have reported similar inverse associations between positive emotion, blood pressure, and/or heart rate e.g., [15] [16] [17] . Such lower levels of blood pressure reactivity in those with higher levels of positive affect may, over time, result in decreased rates of cardiovascular disease e.g., [43, 44] . The emotional experiences of anger and sadness are closely related, thus it was somewhat unexpected that positive affect was not significantly associated with CVR during the anger recall task. The present results would suggest that positive affect is more protective against rises in blood pressure during periods of sadness, as compared to incidents that are associated with the emotional reaction of anger. Although speculative, it is possible that individuals high in positive affect might show lower levels of reactivity because their recall of sad events is less salient than those who are low in positive affect, and this may not apply for circumstances involving anger.
The current results suggest that the tendency to experience positive affect is associated with lower levels of norepinephrine. Throughout the three measurement periods for plasma catecholamines during the reactivity protocol, norepinephrine was lower among individuals who experience higher levels of positive affect, as compared to those who experience lower levels of positive emotion. Flory et al., 2004 found that maximal prolactin response to fenfluramine was positively associated with ratings of positive mood, suggesting that individuals who experience higher levels of positive emotions have greater CNS serotonergic tone. Recently presented results [42] from our lab indicate that enhancing CNS serotonin levels via tryptophan infusion results in lowered levels of norepinephrine, as compared to a sham infusion day. These lower levels of norepinephrine following infusion continued through a reactivity protocol (unpublished data). However, infusion of tryptophan did not significantly affect norepinephrine reactivity. That is, norepinephrine increased as much from baseline to emotion recall tasks on the infusion day as it did on the sham infusion day, and across the protocol norepinephrine levels were lower on infusion day. Thus, although highly speculative, it is possible that an association between positive affect and norepinephrine is accounted for by higher levels of CNS serotonin. We had also predicted that levels of epinephrine would have a similar relation to positive affect as that of norepinephrine, but, in the present data this was not the case. Related research examining catecholamine response to acute psychological stress has also shown discrepant patterns of responding for measures of NOREPI and EPI. Specifically, scoring higher on the Beck Depression Inventory was associated with slower recovery for EPI, but not NOREPI, following an acute psychological stressor [35] . It is thought that varying responses for epinephrine and norepinephrine may reflect different aspects of specific stressors used [45] . Although speculative, the differential effects for measures of NOREPI and EPI in the present study may be partially accounted for by the fact that the experience of positive emotion may be coupled with less muscle sympathetic activity-perhaps leading to lower release of NOREPI, but not EPI.
The present data also suggest that the rise in salivary cortisol upon awakening is significantly lower for individuals who more frequently experience positive affect. A larger cortisol increase upon awakening has been associated with chronic stress e.g., [46] , and depression e.g., [47] . More broadly, increased cortisol levels are known to be important for the development of numerous health problems e.g. [48] , including cardiovascular disease [49] . Similar inverse relations between positive affect and cortisol have been reported in several studies. Steptoe et al. [17] have reported associations between positive affect and salivary cortisol in a study using ecological momentary assessments (EMA) of happiness, as well as questionnaire ratings of affect. Specifically, in 72 healthy males EMA positive affect ratings were negatively associated with cortisol levels early in the day and with the increases in cortisol after awakening. Similarly, in another study Steptoe and Wardle [15] have shown that salivary cortisol is inversely associated with positive affect and the effect occurred primarily early in the day, as with the present findings. Finally, Lindfors and Lundberg [36] have shown that lower cortisol release during the morning hours, but not later in the day, is associated with a measure of positive well-being-again, a pattern of findings that parallel the present results.
Positive affect was unrelated to blood pressure and heart rate recovery. However, there was a trend (p < .11) for SBP recovery such that those with higher positive affect had an increased recovery. We would note that the limited period of recovery in the present study (i.e., only 5 minutes) may have contributed to the lack of an association. Indeed, a sizeable number of participants failed to fully recover, i.e., their recovery measures remained higher than those of the baseline period.
It is worth noting that in the present study negative affect was not associated with our physiological outcomes. This lack of association may have occurred, in part, due to the nature of the specific negative emotion we measured (i.e., depression-dejection). The present results might have varied somewhat if the negative emotion factor would have been a measure representing anger and/or hostility. However, we were unable to create a satisfactory negative emotion factor for anger/hostility using assessments from the POMS, VAS, and NEO-PI-R.
Apart from the measure of positive emotion, certain covariates were related to increased CVR and higher levels of NOREPI. In the present study African Americans were more likely to have increases in SBP and DBP during sadness recall as compared to Caucasian participants. Similar findings have been reported in other studies e.g., [50, 51] , a fact worth noting given the high prevalence of hypertension and cardiovascular disease in African Americans [52] . In the current study CVR was also associated with higher BMI and lower income, findings that also concur with results from prior studies e.g., [53, 54] , respectively. Finally, level of NOREPI was associated with age and gender. Although we would not have necessarily predicted these relations, results from animal models have reported age and gender associations with NOREPI function [55] .
There are limitations that should be noted with regard to interpretation of the findings in the current study. Given the significant findings demonstrating a relation between cardiovascular reactivity and positive emotion during the sadness, but not the anger recall, a similar relationship between positive affect and sadness-induced catecholamine changes might have been expected. Unfortunately, catecholamine measures were not collected during the sadness recall. According to the design of the present study, approximately half of the participants were selected to be high or low on a measure of trait hostility. This selection criteria may have limited the generalizability of the present findings. The participants were in their early thirties and were selected to be in good health. Therefore, it is also possible that our findings may not generalize well to older or less well individuals. Likewise, the findings concerning CVR and norepinephrine were demonstrated in the laboratory portion of this study and results from ambulatory studies may better reflect relations between positive emotion and daily emotional stress. Finally, measures of blood pressure and heart rate reactivity were taken while participants were verbally recalling an emotional event. Thus, speaking is likely to have somewhat inflated the present measurement of reactivity.
Research from our laboratory [19] demonstrated that the positive emotion facet of the NEO-PI was a significant predictor of mortality in a sample of cardiac patients; and a measure related to positive emotions, specifically, expectations for successful recovery following a cardiac event, was associated with increased longevity in a model adjusted for depressive affect [56] . Others have demonstrated associations between measures of positive emotion and longevity, independent of negative emotion [57, 58] . These associations between positive affect and the physiological measures relevant to good health examined in the present study suggest plausible biological mechanisms that may account for at least part of these demonstrated associations between positive emotion and greater longevity. Adjusted means for SBP and DBP reactivity during sadness recall: participants one standard deviation above and below the mean for positive affect (PA). Adjusted means from repeated measures analyses for norepinephrine during recall protocol: participants one standard deviation above and below the mean for positive affect (PA). Adjusted means for rise in salivary cortisol from awakening to post 30-minutes awakening: participants one standard deviation above and below the mean for positive affect (PA). Table 1 Principal axes factor analysis: Loadings for positive affect and negative affect Table 3 Results of models examining positive affect as a predictor of systolic and diastolic blood pressure reactivity during a sadness recall. Results of model examining positive affect as a predictor of the average level of norepinephrine at baseline, during an anger recall task, and at the conclusion of the recall protocol. Table 5 Results of model examining positive affect as a predictor of rise in cortisol from awakening to 30-minutes post awakening. 
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